American Journal of Mathematics and Statistics 2018, 8(4): 89-95
DOI: 10.5923/j.ajms.20180804.02

Biswas Distribution

Deapon Biswas

Transport Officer, Private Concern, Chittagong, Bangladesh

Abstract Here we get all the theoretical discrete distributions to the random experiment “M sided N dice taken V at a
time”. It states joint probability functions as well as marginal probability functions of which number of possible outcomes is
EB numbers and number of favorable outcomes is GB numbers. In this paper I introduce 20 definitions where first is the
Biswas distribution and others are the related distributions that state different joint probability functions and marginal
probability functions.
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1. Introduction

First of all Biswas distributions are divided into four parts
ie.,
(1) both way selected B distribution (SB distribution)
(i) both way arranged B distribution (AB distribution)
(iii) first way selected and second way arranged B
distribution (SAB distribution)
first way arranged and second way selected B
distribution (ASB distribution)

And then each part divided into three parts again i.e., for B
distribution we get

(iv)

(1) first way B distribution
(i) second way B distribution
(iii) both way B distribution.

2. Findings

Definition 3.1 Biswas distribution: A two dimensional
random variable (X, Y) is said to follow Biswas distribution
if it assumes only non negative values and its joint
probability mass function is given by
PX,Y)=b(X,Y; M,N,U, V)

GB(MNU

ﬁ"},‘s) ; min(M, U)-M+1 < X < min(M, U, V)
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min(N, U)-N+V <Y <min(N, U, V)
M > U and N > U for first way
and second way respectively.

= 0; otherwise.

3.1

The four independent finite constants M, N, U and V are
known as the parameters of this distribution. Biswas
distribution is a joint probability distribution and a
theoretical discrete distribution. Here X takes only
non-negative values under the interval min(M, U)-M +1 <X
<min(M, U, V) and Y takes only non-negative values under
the interval min(N, U)-N+V <Y < min(N, U, V). Any two
dimensional random variable which follows B distribution is
known as B-variate and denoted by the symbol (X, Y) ~ B(M,
N, U, V).

Remark: It should be noted that

g SN
ExZybOLYiMNUY) = x By s = 1
v

MVN) = Xx2yGB (1\3)1\(13)
6

Example 3.1: For the GB experiment GB LSL )

= EB( (3.2)

ﬂ find

P(X =2,Y = 1) where the experiment is first way arranged
and second way selected.
Solution: We know

GB(3337) _ 99
P(X=2,Y=1)=b(2,1;5,6,3,4) = En(50) ~ oS
4

=0.105.

Definition 3.2 SB distribution: A two dimensional
random variable (X, Y) is said to follow SB distribution if it
assumes only non-negative values and its joint probability
mass function is given by
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P(X,Y)=sbX, Y; M, N, U, V)

Gsp(MNU
M ; X,Y,Uand V value as (3.1)

es(MN)

= 0; otherwise.
Remark: It should be noted that

Lx Xy

(3.3)

asB(yxy) _

ESB( N)

) = mxzeasn (yyy)

Example 3.2: For the GSB experiment GSB[

(1) P(X =2, Y=3) and (ii) P(X=3,Y=1).
Solution: We get

ZX ZY Sb(X, Y; MI N; Ur V) - 1

= ESB( (3.4)

453

3X Y] find

G
(i) P(X=2,Y=3)=sb(2,3:4,5,3,3)= —=323/
=0.045.
GS
(i) P(X=3,Y=1)=sb@3, 1;4,5,3,3) = —231U

=0.015.

Definition 3.3 AB distribution: A two dimensional
random variable (X, Y) is said to follow AB distribution if it
assumes only non-negative values and its joint probability
mass function is given by

PX,Y)=ab(X,Y; M, N, U, V)

MNU
= %‘W ; X, Y, Uand V value as (3.1)

= 0; otherwise.
Remark: It should be noted that

Xx 2y

(3.5)

8(Vyy) _
EAB(MVN)
MN\ _ MNU
Vv ) - ZXZYGAB(VXY)
Example 3.3: For the GAB experiment GAB[

(1) P(X=1,Y=3) and (ii) P(X=2,Y=2).
Solution: We get

Yy Yyab(X,Y;M,N,U,V) = -1

= EAB( (3.6)

563

4xy] find

(i) P(X=1,Y=3)=ab(1,3;5,6,3,4):W_
22040 _ ) 0624
225000
) P(X = 2, Y =2) = ab(2, 2: 5. 6, 3, 4) = 22zz)
(i) (X =2,Y=2)=ab(2,2;5,6,3,4) = EAB(546) -
71280 _316.
225000

Definition 3.4 SAB distribution: A two dimensional
random variable (X, Y) is said to follow SAB distribution if
it assumes only non-negative values and its joint probability
mass function is given by

P(X,Y) =sab(X, Y; M, N, U, V)

csap(MNY
- % ; X, Y, Uand V value as (3.1)

Biswas Distribution

= (; otherwise. 3.7
Remark: It should be noted that
6saB(Yyy) _
ZXZYsab(X Y M N U V) ZXZY EST(MVN) 1

M) = Sx Ty GsAB (%23) (3.8)

Example 3.4: Given the following favorite probability

= ESAB(

distribution of the experiment GSAB[ ,;L ;3 .
Y
X 2 3 4
0 0.006 0.008 0.001
1 0.091 0.122 0.015
2 0.206 0.274 0.034
3 0.091 0.122 0.015
4 0.006 0.008 0.001

Find the probability of getting (i) X =0, Y = 2, (ii)) X =2,
Y =3 and (iii)) Y =4.

Solution:
Y 2 3 4 P(X)
X
0 0.006 0.008 0.001 0.015
1 0.091 0.122 0.015 0.228
2 0.206 0.274 0.034 0.514
3 0.091 0.122 0.015 0.228
4 0.006 0.008 0.001 0.015
P(Y) 0.400 0.534 0.066 1

We get from the above table
(i) Probability of getting X =0,Y =21i.e.,P(X=0,Y =

2)=10.06
(i) Probability of getting X =2, Y =3 ie,P(X=2,Y =
3)=0.274

(iii) Probability of getting Y =4 i.e., P(Y =4) = 0.066.

Definition 3.5 ASB distribution: A two dimensional
random variable (X, Y) is said to follow ASB distribution if
it assumes only non-negative values and its joint probability
mass function is given by

P(X,Y)=asb(X,Y; M, N, U, V)

_ GASB MNU
(VXY) ; X, Y, Uand V value as (3.1)

= 0; otherwise.
Remark: It should be noted that

3.9)

arsa(YyY) |

EasB(MN)

M) = Sx v GASB (1\3 )1\(13) (3.10)

Example 3.5: Given the following bivariate probability

ZX ZY aSb(X, Y, M! N; U: V) = ZX ZY

EASB(
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P . 7
distribution of the experiment GASB[g X?( .
Y
1 2 3
X
0 0.004 0.018 0.009
1 0.043 0.172 0.086
2 0.073 0.291 0.146
3 0.023 0.090 0.045

Find (i) P(X > 2), (ii)) P(X =0, Y =3), (ii)) P(X £ 2, Y =2)
and (iv) P(X=3,Y > 2).

Solution:
Y 1 2 3 P(X)
X
0 0.004 0.018 0.009 0.031
1 0.043 0.172 0.086 0.301
2 0.073 0.291 0.146 0.510
3 0.023 0.090 0.045 0.158
P(Y) 0.143 0.571 0.286 1

Solution: We get from the above table

(i) P(X=22)=PX=2)+PX=3)=0.510+0.158 =
0.668

(i) P(X=0,Y=3)=0.009

(i) P(X<2,Y=2)=P(X=0,Y=2)+P(X=1,Y=2)+
P(X=2,Y=2)
=0.018 +0.172 +0.291 = 0.481

(iv) P(X=3,Y22)=P(X=3,Y=2)+P(X=3,Y =3)

=0.090 + 0.045=0.135

Now we describe three kinds of B distributions i.e., first
way B distribution, second way B distribution and both way
B distribution and their different forms.

Definition 3.6 First way B distribution: Let the joint
distribution of two random variables X and Y is given then
the first way B distribution can be written as

GB.(MNU
= % ; X, Uand V value as (3.1)
eB("yY)
= 0; otherwise.
Remark: It should be noted that
2xP(X) = Xxb (X; M,N,U,V) =1

Bl(MNU) _,

(3.11)

. G
1.€., ZX TN\[\/;NX)

MN MNU
v ) = 2xGB ("))
The first way B distribution is also known as the marginal
probability distribution of X.
Example 3.6: Given the following bivariate probability
distribution of example 3.4 find first way B distribution of (i)
X =0and (i) X =2.

= EB( (3.12)

Solution: From the given table we get (i) P(X=0)=0.015
and (ii) P(X =2)=0.514.

Definition 3.7 Second way B distribution: Let the joint
distribution of two random variables X and Y is given then
the second way B distribution can be written as

GB,(MNY)
= —=/%~ Y, Uand V value as (3.1)
EB(*Y)
= 0; otherwise. (3.13)
Remark: It should be noted that
ZY P(Y) = ZYbZ(YI M' Nl U; V) =1
- 6Bo("VyY) _
1.C., ZY W =1
MN\ _ MNU
= EB( v ) = ZyGB, ( vy JINERE)

The second way B distribution is also known as the
marginal probability distribution of Y.

Example 3.7: Given the following bivariate probability
distribution of example 3.4 find second way B distribution of
(1) Y=2and (i) Y =4.

Solution: From the given table we get (i) P(Y =2) = 0.400
and (ii) P(Y =4) = 0.066.

Definition 3.8 Both way B distribution: A two
dimensional random variable (X , Y) is said to follow both
way B distribution if it assumes only non-negative values
and its joint probability mass function is given by

P(X: Y) = b12 (X: Y’ M; N’ U! V)

oBax(yxy)
B v~ 5 X, Y, Uand V value as (3.1)
es("y")
= 0; otherwise. 3.15)
Remark: It should be noted that
2x 2y b (X Y; M,N,U,V) =1
: GBaz(y xy) _
ie., ZXZYTN{/N) =1
M N\ _ MNU
= EB( Vv )_ZXZYGBH(VXY) (3.16)

The both way B distribution is also known as the joint
probability distribution of X and Y.

Example 3.8: Let the bivariate probability distribution of
example 3.4 find both way B distribution of (i) P(X =0, Y =
4) and (ii)) P(X =4, Y =3).

Solution: From the given table we get (i) P(X =0, Y=4) =
0.001 and (ii) P(X =4, Y = 3) = 0.008.

Definition 3.9 First way SB distribution: Let the joint
distribution of two random variables X and Y is given then
the first way SB distribution can be written as

P(X) = Sbl(X; M; N; Ul V)

MNU

= % ; X, Uand V value as (3.1)

= 0; otherwise. (3.17)
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Remark: It should be noted that
2xP(X) = ¥xsb(X; M,N,(,V) =1

MNU
— 6sB1(MY") 4
EsB(M/ )
MN) _ MNU
:ESB( . ) = ZXGSBl( VX ) (3.18)
Example 3.9: Consider the GSB experiment

Gs, [° 46X3]. Find the probability of getting (i) X = 1 and (ii)
X=2.
Solution: We get the probabilities as
S pex = 1y < SBCer) _ FER)e() _
PR G T e
by =gy = SBCY) | FE3)E) | e
(P02~ S = ) o
Definition 3.10 Second way SB distribution: Let the

joint distribution of two random variables X and Y is given
then the second way SB distribution can be written as

P(Y) =sb,(Y; M,N, U, V)

=0.476

=0.357.

asB,(MNY)
= ——mn > Y, Uand V value as (3.1)
EsB(")
= 0; otherwise. (3.19)
Remark: It should be noted that
Xy P(Y) = Zysb,(Y; M,N,U,V) =1
GsB,(MNU
ie, Yy —2( ) =1
EsB(MN)
MN) _ MNU
= ESB( . ) = ZyGsB, ( vy ) (3.20)
Example 3.10: Consider the GSB experiment

GSB, [6 46Y3]' Find the probability of getting

(1) Y=1and(i)) Y =3.
Solution: We get the probabilities as

ey = S HEE) s
OPOED= Sy~ w Qe
4 4)“\4
by - 8B2(T) _ FE)e(3) _ s _
(i) P(Y=2) = et = 3 =0.2.
o) | RGEE)  1

Definition 3.11 Both way SB distribution: A two
dimensional random variable (X, Y) is said to follow both
way SB distribution if it assumes only non-negative values
and its joint probability mass function is given by

P(X,Y)=sb;, (X Y; M,N,U,V)

GsB.,(MNU
= 12(V§Y) ; X, Y,Uand V value as (3.1)

= 0; otherwise.
Remark: It should be noted that
YxXysbi, (X, Y; M,N,U,V) =1

MNU)

) GSB

(3.21)

1

Biswas Distribution

M N MNU
:>ESB( . )= Yy Sy GSB, (VXY) (3.22)
Example 3.11: Consider the GSB experiment
GSB,, [Z )6( f( Find the probability of getting (i) X =0, Y =2

and (ii)) X =3,Y =3.
Solution: We get the probabilities as

GsBiz(303) _

(i) PX=0,Y=2)= 50) F(6)c(§) 1890

0.071

(i) P(X=3,Y=3)=

0.009.

Definition 3.12 First way AB distribution: Let the joint
distribution of two random variables X and Y is given then
the first way AB distribution can be written as

P(X) = ab,(X; M,N, U, V)

Gas, (MN U)
= ——+—=; X, Uand V value as (3.1)
Eap(MN)
= 0; otherwise. (3.23)
Remark: It should be noted that
2xPX) = ¥xaby(X; M,N,U,V) =1
GAB. (MNU
ie, Xx # =1
EaB(MN)
MN\ _ MNU
= EAB( v ) - ZXGABl( VX ) (3.24)
Example 3.12: Consider the GAB experiment

GAB, [435X4]. Find the probability of getting (i) X = 1 and (ii)

X=3.
Solution: We get the probabilities as

(i poxoy = 22:0a) _BGG) a0 0

EAB(4455)4 H(3 1 3) 3840
(ii) P(X=3) = GEAB((435)) _HG (j’)) (()) = 1 0375,

Definition 3.13 Second way AB distribution: Let the
joint distribution of two random variables X and Y is given
then the second way AB distribution can be written as

P(Y) = ab,(Y; M,N, U, V)

GAB, (M N U)
= ——n Y, Uand V value as (3.1)
EaB(MN)
= 0; otherwise. (3.25)
Remark: It should be noted that
Yy P(Y) = Xyab,(Y; MN,U,V) =1
: GABZ(MVNYU) -
1.€., ZY EAB(MVN) =1
MNU
= EAB( ) Yy GAB, ( vy ) (3.26)
Example 3.13: Consider the GAB experiment

GAB, [4 > 4] Find the probability of getting (i) Y = 2 and (ii)
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Y =3.
Solution: We get the probabilities as

) P(Y=2) = GAB2(43524) — H(g)P(g g) — w =0.6
() P(Y=2) EAB(%> H(3)p(3
@y i
i) P(Y=3) = GABZ( 33) _ H(3)P(3 3) 1536 0.4
T TGO BT,
3 3)°\3

Definition 3.14 Both way AB distribution: A two
dimensional random variable (X, Y) is said to follow both
way AB distribution if it assumes only non-negative values
and its joint probability mass function is given by

P(X, Y) = ablz(X, Y; M, N, U, V)

GAB.,(MNU
= # ;X,Y,Uand V value as (3.1)
EaB(MN)
= 0; otherwise. (3.27)
Remark: It should be noted that
ZX ZY ablZ (X, Y! M; N; U’ V) = 1
- GAB1a(Vyy) _
1.€., ZX ZY EAB(MVN) = 1
MN\ _ MNU
:EAB( . )— ZXZYGABIZ(VXY) (3.28)
Example 3.14: Consider the GAB experiment
GAB,, ‘3‘)5(@ . Find the probability of getting (i) X = 1, Y =

2 and (ii)) X =3,Y =3.
Solution: We get the probabilities as

. | vy $4Bu(377) _F(1)C(3) _ e _

O PEZLY=D=T500) ~ uipG)  a
0.037

ooy —a vy =gy = $ABi2(353) _ F(33)¢(33) _ s76 _

(11) P(X—3,Y—3)_ EAB(435) - H(g)P(g) - % -
0.15.

Definition 3.15 First way SAB distribution: Let the
joint distribution of two random variables X and Y is given
then the first way SAB distribution can be written as

P(X) =sab;(X; M,N, U, V)

Gsag, (MNU
= % ; X, Uand V value as (3.1)
EsaB(MN)
= (; otherwise. (3.29)
Remark: It should be noted that
2xP(X) = Xxsab;(X;M,N,U,V) =1
- asaB(*Vy") _
L, X —— - /MN\ 1
EsaB(MY)
MN\ _ MNU
= ESAB( v ) = ZXGSABl( Vx ) (3.30)
Example 3.15: Consider the GSAB experiment
GSAB, [435X4]. Find the probability of getting (i)X > 2 and
(i) X <1.

Solution: The table of example 27.3.4 represents bivatrate
probability distribution of the experiment GSAB, [435X4] .

Now we get from the table
(i) PX22)=PX=2)+P(X=3)+P(X=4)=0514+
0.228 +0.015=0.757
(i) PX<1)=PX=0)+PX=1)=0.015+0.228 =
0.243.
Definition 3.16 Second way SAB distribution: Let the
joint distribution of two random variables X and Y is given
then the second way SAB distribution can be written as

P(Y) =sab,(Y; M,N,U, V)

GsAB,(MNU
= % ; Y, UandV value as (3.1)
EsaB(MN)
= 0; otherwise. (3.31)
Remark: It should be noted that
ZY P(Y) = ZY SabZ(Y; M’ N; U’ V) =1
GsAB,(MNU
e 3y Sl
EsaB(MN)
MN\ _ MNU
= ESAB( . ) = ¥, GSAB, ( vy ) (3.32)
Example 3.16: Consider the GSAB experiment

GSAB, [435Y4]. Find the probability of (i) Y =3 and (if) Y <3.

Solution: The table of example 27.3.4 represents
bi-variate probability distribution of the experiment

GSAB, 435Y4]' Now we get from the table

A)P(Y=3)=0.534

(i) P (Y £3)=P(Y=2)+P(Y =3)=0.400 + 0.534

=0.934.

Definition 3.17 Both way SAB distribution: A two
dimensional random variable (X, Y) is said to follow both
way SAB distribution if it assumes only non- negative values
and its joint probability mass function is given by

P(X, Y) = Sablz(X, Y; M, N, U, V)

GSAB;,(MNU
= % ; X,Y,Uand V value as (3.1)
EsaB(MN)
= 0; otherwise. (3.33)
Remark: It should be noted that
ZX ZY SablZ (X’ Y’ M; N; U! V) = 1
. s (YNY) _
1.€., ZX ZY ESAB(MVN) = 1
MNy _ MNU
= ESAB( v )= Zx Iy GSAB, (V X Y) (3.34)
Example 3.17: Consider the GSAB experiment
4547 .. o .
GSAB;, 3x Y]' Find the probability of getting
(H)X=1,Y=3and (ii)) X=2,Y =2.
Solution: The table of example 27.3.4 represents

bi-variate probability distribution of the experiment

GSAB,, 454 . Now we get from the table
3xy

HPX=1,Y=3)=0.122
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(1) P(X=2,Y =2)=0.206.
Definition 3.18 First way ASB distribution: Let the

joint distribution of two random variables X and Y is given
then the first way ASB distribution can be written as

P(X) = asb, (X; M, N, U, V)

= %&I})U) ; X, Uand V value as (3.1)
= 0; otherwise. (3.35)
Remark: It should be noted that
YxP(X) = Yxasb;(X;M,N,U,V) =1
ie., Xx %X}%ﬁj) =1
v
- EASB(MVN) —~ ¥, GASB, (MVNXU) (3.36)
Example 3.18: Consider the GASB experiment
GASB, [657X3]' Find the probability of getting (i) X = 0 and
(i) X =3.

Solution: The table of example 27.3.5 represents
bi-variate probability distribution of the experiment

GASB, 657X3]' Now we get from the table
(1) P(X=0)=0.031
(i) P(X=3)=0.158.
Definition 3.19 Second way ASB distribution: Let the

joint distribution of two random variables X and Y is given
then the second way ASB distribution can be written as

P(Y) = asb, (Y; M,N, U, V)

GasB,(MNU
= % ;Y,Uand V value as (3.1)
EasB(MY)
= 0; otherwise. (3.37)
Remark: It should be noted that
2y P(Y) = Xyasb,(;M,N,U,V) =1
GASB,(MNU
ie, Yy % =1
Eas(MN)
MN\ _ MNU
= EASB( . ) =¥ GASBZ( vy ) (3.38)
Example 3.19: Consider the GASB experiment
GASB, [657Y3]. Find the probability of getting (i) Y = 2 and
(i) Y < 2.

Solution: The table of example 27.3.5 represents
bi-vatrate probability distribution of the experiment

GASB, 657Y3]' Now we get from the table

(1) P(Y=2)=0.571
(i) P(Y <2)=P(Y =1) +P(Y =2) =0.143 + 0.571=
0.714.

Definition 3.20 Both way ASB distribution: A two
dimensional random variable (X, Y) is said to follow both
way ASB distribution if it assumes only non negative values
and its joint probability mass function is given by

Biswas Distribution

P(X> Y) = aSblz (X, Y! M; N; Ul V)

GASB;,(MNU
= % :X, Y, Uand V value as (3.1)
EasB(MN)
= 0; otherwise. (3.39)
Remark: It should be noted that
ZX ZY asblz(x, Y, M, N, U, V) =1
. aasma(U3Y)
1.€., ZXZYT(MVN) =1
MN\ _ MNU
= EASB( v )= Sx Ty GASBy, (v < Y) (3.40)
Example 3.20: Consider the GASB experiment
GASB,, [g )7( 3 Find the probability of getting (i) X =0, Y =
2 and (i) X=2,Y =3.
Solution: The table of example 27.3.5 represents

bi-variate probability distribution of the experiment

673

() P(X=0,Y=2)=0.018
(i) P(X =2, Y = 3) = 0.146.

. Now we get from the table

3. Applications

From the definitions stated in this paper we can find
various joint probability functions, marginal probability
functions and conditional probability functions.

4. Main Results at a Glance

The following is a list of probability laws developed in this
paper.

GB(MNU
HbX, Y;M,N, U, V) = %

(%)

GSB MNU
(ii) sb(X, Y; M, N, U, V) = %

sB("yY)
MNU
(i) ab(X, Y: M,N, U, V) = == :B((VMXNY))
\%
MNU
(iv)sab(X, Y ; M, N, U, V) = %{M{l\%)
v
MNU
(v) asb(X, Y; M, N, U, V) = Gs::}s((v“ﬂXNB)
v
MNU
(vi) by(X; M,N,U,V) = GBI(J&‘ )
(M,
G 2(M N U)
(vii) by(Y; M,N,U,V) = (J N
\%
MNU
(viii) by, (X, Y; M,N,U,V) = GB;;E&’ E)Y )
\'%
. _ _ sBa(MVY))
(ix) sb;(X; M,N,U, V) = Esa(™N)
MNU
(x) sby(Y; M,N,U,V) = GSB—MVR{)



American Journal of Mathematics and Statistics 2018, 8(4): 89-95 95

probability functions from Biswas distribution. Combination
distribution, permutation distribution, formation distribution

v . .
GAB, (M N U) and homogenation distribution are also found here.
(xii) ab;(X; M,N,U, V) = EAB(DH
\
GAB,(MNU
(xiii) ab,(Y; M,N,U,V) = EA;((BH )
(1) REFERENCES
: . - 2\vxy
(xiv) aby,(X,Y; M,N, U, V) EAB(MVN) [1] Deapon Biswas, Paper 4, B space, Bystematics My Classic,
MNU 2010 Self published, Chittagong, 2016 Monon Prokashon,
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The paper finds an attractive Biswas distribution and
related distributions. We get various joint probability
functions, marginal probability functions and conditional
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